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Abstract

Introduction: Neuropathic pain syndromes are changes resulting from damage to neuronal pathways that
are characterized by spontaneous burning sensation with accompanying allodynia and hyperalgesia. Since the
treatments of neuropathic pain are poorly understood and existing treatments are often ineffective, it is important
to increase our understanding of the neuropathic pain states in order to identify strategies for the development
of effective therapies. The purpose of this study was to investigate the involvement and pre-emptive treatment
of morphine and / or NMDA receptor antagonist MK-801, and co-administration of both drugs on behavioural
responses in an experimental model of neuropathic pain (CCI).

Methods: Experiments were performed on six groups (n=8) of male Sprague-Dawley rats (230-280g). In the
groups that received drugs, two groups were injected with MK-801 (0.3 mg/kg, 20 min before, and 6 h after the
operation) or morphine (8 mg/kg, 30 min prior to the operation). Another group received both drugs with the same
doses and protocols. Finally, one group received normal saline in same volumes. The animals were tested for
allodynia and hyperalgesia reactions at 0, 3, 7, 14, 21 and 28 days after CCI of the sciatic nerve.

Results: Our data revealed that the CCI produces mechanical and cold allodynia and a hypersensitivity to
noxious stimulations. MK-801 and morphine produced only a slight cold anti-allodynic response. On the other
hand, co-injection of morphine and MK-801 markedly reduced cold allodynia at the days 7 (P<0.01), 14 (P<0.05)
and 21 (P<0.05) when compared with the saline group. However, there was slight alleviation of the mechano
allodynia, and, heat- and mechano-hyperalgesia. Results demonstrate that the CCI model importantly influences
the behavioural responses to both the thermal and mechanical stimulations.

Conclusion: We conclude that co-administration of both drugs can be more effective than MK-801 and
morphine administered alone in the induced neuropathic pain.

Keywords: Pre-emptive, Neuropathic pain, Allodynia, Hyperalgesia, MK-801, Morphine

* Corresponding Author Email: hmanaheji@yahoo.com



&3P lyb 5 (s55le 5
WAD o o ojles )+ Al

o S 59 5308 slednls 595 2 890 s MK-801 (ilo 3 i O 31
HU Y S %0 Jigo 30 Sl uas (o 30 (5 3Lid
To)lgs (M 39070 5 ' gden] pla g ' (ralie Lot e (JeoMs

Clasl pyle Sladss 3 0 ¢ s59lg0 548 09,5 ¢ Sy 0aSuily ¢ liodunad (S pole olKiisly —)
SIS 5 S3seied 05,5 (K5 a1s (SIS (S pote oK Y

WAD Cotgu)) ity VWA il i il YAY o3 5cdly s

R

a2 bl olyan blnle 5 Liagl (s395u358 35 o (oMo b 4 bl (oo Sy (oo, oS alowl Julse (2 age | (S e ol oo
wrgad ) Glagd GBI & Cunl (6905 I s g iz (ab sladle)d g cunl oais 4Bl oIS ok Sisligyor b33 53 (291> Sladle s 4] 4
6y Sl 595 2 oty ©ygear MK-BOT 5 850 pl55 5 1 52995 gy adllae () B i 38 o slagles 9 Sy (sl
Al o CCT Jao b Silow cuae (o0 (65l anls S5 )

28,5 )15 hlojl 3,90 5 YA- LYY+ (35 03940 )3 5 Sprague-Dawley ol 5 o [age y A ol 09,5 10 45 09,5 5 tloeasg g 31
3 Jd aadsve /v mE/kg )MK-801 So309,8 15 5 (2l Jos 5l Jd 4o Yo Amg/K) (b0 52928 09,5 S egh oS bl (sLgag )5 o
e @ pylez 09)5 53 9 (Sloj alold g jo3 plon b gyl 93 (nl ol 11955 pgw 09)5 13 5 (P oo jlam celo £ (e (o &0 (oSS 593 9 (22 oo
S e 35 9 Sy b (Sle ¢ )l (Sl e 4 G Sl ()18 (sl usly 9 5 Dbl CCT (Shgygi Jao g 23,5 plol il 52905 sl
85I (wp 90 (Bl des lam oy YA s IAYYY 5 (2l Joe I S8 Sbays (Sl 5 (5>

sl oy HSLS oy o il (5l (re Rl Says 5S> e (548 om0 4y Gl s 095 lio > CCL 0,5 ()13 (sloseuly 1l il
Sl y3 g 5315 55 (6> sine M) s 09, b dmalio > MK-801 08 by 095 « (3890 oS il bl ilise Lilmla 5 Loyl
il 5oy b ol slindgll s > Al ) oS ol il (d9s20) LIS L3Pl g Linogl colus 09,8 b dualia ;s MK-801 4 cydyg0 plys o1iiS il
Dy me ()bl Llod I VY (P <e/ed) OF (P <o/-0) & (P <-/--))

Sl S e 5 Sy it (Sl 5 )l (S8 me 4 s Sl CCT g 33 Jao )3 Sllses o ] Sl o asdly 16 o5 doels
2975 2as 4 MK-80T 5 (3890 45 5loj 4y s (618 Gy 205 1> MK-80T 5 (3890 plyi 2925 4S5 jokas id (oo it Sy (Silsle
D9 g NAb (oo

Odyge MK-801 L33l ke Lol ¢ S5bgys 3,0 Pre-emptive 1 gadlS s o3lg

(s wi FL P ua?t_».w: Oladlles 2 [Yﬁ] Col 22 Ao
Jhu 3595 (150 3 1) (Sidgiude pSUl g (HeSho Sl (e

3 ot sildlil g wled oo sloul gbs (A 2LS 55 g Ly SHBl (63,2 40 5 sl (yo30 3,0 oo Elgil Sl (S Sbgygp 20
oy Sl 9 j9)m > (st B B (S ELS 53 OLabslS a> ol 655 30 9 e (vas w4 ool JLd 4 45 395 0
M Sldlas JEIC NS .[\‘\5\\"] 5l L:))ﬂ)ul.m 9 L:.u.)9ﬂ sba Ol'\f.‘ e g L¢5)> 9 > sl b l.mw.j 2y O;"I)J Dgid g0
Olpim 4l 3929 L (sy90 0529 (Sgm] (slog)l> o5 Wl ooy (L Ol o] cadle (o tage 48 550 BTl layd 3L
» 2l Gl 5 W) (o e ST slogyls (o piots Al i o35t S "
Ol Glasl ay o wl 1l cde 5 05l Klgye sladys Loy hmanaheji@yahoo.com

¥y



oher 5 (b

e D )8y lesroly (g9 p (mdyee g MK-801 (jloyd iy ol il

oinbojl 50 (Sedg S

o 09,5 £ 4y (Bl & 50 4 Sllge ol plol 51 3
P9t 3l g CClog 550 il )18 (90 A 09,5y 53 48 u s
Juid o CCT oo 3:b 2 o gl Sl cmas s> (1900
4ol o dlae g Cung aald 09)5 )3 .08, S (o )5 (J5 05 k2
09 Sl cuas (38 bled 1 g 03 03l (3 o) VL
A (0 03] dzty S ¥+ sy &5 b aliae g gy cnas () Sd
Jos dn g 85 )13 9l 928 cod il Sllges 5 03 09,5 e
A o pll bl g9y 2 CCT o2

9913 32925

e S50 /Y Mg Hlade 4 MK-801 5 A mgE ke 4 (b ys0
Ogar Olo O% Gig ol g oad o ol Jlop (o
Ol 0955 g (855 (0 )18 2925 3)9— (1P.) (Hlao 55
Amg/Kg) opbyge 0disS ©dly;d 09,5 15l A5 ke 5yl jroo oo
ME/) MK-801 o418 3 095 ool oo 51 LS disdo Y
5ol e 41 (eSS 593 9 (2 Jas Sl JB aada Y- /Y kg
S50l 93 plgi 048 8L yd 09, 5 A (2 Jos jlam cslws
o ot b ol 08 €l 095 5 st lon b ot 4S5
91> oS €8l y> (slag)S JyiS 09,5 (i 48 Sloj aLold
20,5 P g s

> o)

bowg sa i asl) sgy I CCI Jao slom) g
A wg 4 SUslges Il [Y] 405,35 ool Bennett & Xie
e (990 G5 Lo g Baoe ()9 LS (wamlagl 59l
Sbge o 5235 (o gt e Jlan)lgiiy 0+ mg/kg (i.p.)
Szt &5 Jl ol b g oap 3 MalSl) o> oy iy 5 YL
Fom 35 3bul co b ol 59y » el ¥ Job 4 (SS5
o ¥ 51 030l Uy Sl e 4L dus oS yiiha Camnds i IS
A5t 35 alag 4 9 0135 Mo Cuae Sl)bl glacsl (ladus Koo
LS a1 8 yiede o Jolgd 4 S o) jlox ¥/ 08
23 INST 48 355 (51 0365 s a5 5o o 03 e A
Sk ¥/+ a0 & 5l odlisal b s i 39290 Guas 0053 0l
Jos il IS gslar B0 w93 ABlax g0 ) Gy g dliae
U1 el Ghgte Jl g 9 0355 S il 4]y o (12
355 (5o Jitie Sllge 6)ISS pogate

Sy Jlos! oy

Sl il Sl s )Ly ()0 sl 15 )W) Slaius
A8 ekl 3)90 (S Sl s 5y YA 9 VY AY VY 5 (b0 )
b

Yy

L sigml sloss S oy ialS cuw cuwl cpl a5l o 4yl
Ol 1) edy90 5B gyl 55 23,5 00 23 e (215 Slagg
aigel glas ol 5l ab,lwl g Slbigls 8,k 5l [Y8oYY] aas o
SF o (sras w3 |y ol Sg)95 S &5 S (S50
2l kel 28 NMDA (slooss ) S 59y y— Sl g 35, oaes 1
o D] a5 Sl it bl 3 5 Lyl JUi
ot 1) Sl 33 pglis 9 Wi )3 16550 lap—slSe e
ORIP (imen g fl50 (S LS 5 (6)lee Sldgygishl (el
o oty ShalBly Slolisls siile (S o0 (sl ytpadl g5
DialS cely ae (gla o0t SV 5 5l solizal [VA] il o
Olyass lwy Blis 4 5 65— 50 NMDA (claos 5 e Jls
OBl 92)3 b Il &5 355 (oo (SLUSIS 5 (Gl pin
e isnsl e [VF] 3l o 50 1) 5,0 (loyd p3 Laudenl w30
aSls ey o LS L FOS o5 ol ol cuas ol |
DAl o Sl FOS oy 5l sy sl ) ol 1 g 52929
2 opdyee g MK-8015, )l as" el ol 5l (S 505 5135
clllae (3 [VF] 3,1 (s JB 31 Sbgyg sl ey
oSl -MK 801 el 3 Shatuw oo o iad (o (LS
Lislte oyt sma ol 5 - NMDAsla 05,5 265,
e [YVVANDYF] WS o iBgio gl 2 5 aslul L 30 & 1)
oo 4535 glellw (b Slgy5 300 glo pasilSo dalllas
Slhialie b bl zuls 45 cusloss @8] Slos cune cuwl I i
b Jso oyl s yeeil [YYVEDN] cwl duslio LB b
Jde Cuwl 055,85 @31 YAM Lo > Bennett & Xie k_wg &
Jae !y .ilee Chronic constriction injury (CCI)
Sl (sl mle 5 Lunsgll (sla sassy cg3gungs 5,3 oMl
12 35 o)Ll YU )5 &S jglailan WYY ]l 01 3155 )l 5
13 Sslite Sl Cl 48,8 g0 495 b 4 Slalllas oLl
s NMDA (gla 05,5 (sl ST g i sl 131 oguas
s,y oy p Ll 1 ool yloj g 595 Cysizmen g MK-801
S8y Sl (y p pol adlllan Bam 315 3925 Sbg el
plgs 2575 9 MK-80T c 890 (loy> iy jogos amy sy
Emal CCT Je ) Ssligy98 g3y 555 2 090 L MK-801

sy 9 dlge

M3 5l 5 Slme slagbse o) 2 9 278 Uhe) 4 adllae
03g3xe ) (! yeiwly gl jl od s ans) Dawley Sprague
sl 3ol g0 an lie g Ol S plosl )5 YA LYY (S
Cels VW olbgy celw VW kyly 5 cod 5 cily j,8 Sllgs
LA oo (6l S o Ktk de d YYEY Cylps 13 9 (S



WAD Sl ) oylos Ve s

S5 leslb g (59lgn 5

St gonly 3155 G o | Gl Aoy dmp Ao 8,85 > e
035 oo dnmslime S5 s IS 4 s g
&bl LT

as—sl ) edlaiwl L, 4 Statistica 53l 5,5
5l J—ols mols 4wslis I, Repeated measurs ANOVA
e ;1 Post hoc 5 JUT 5l uocen 03,8 exlisul (6l slogus
o3litol lopg )5 o )y dre Ciglds o o e Tukey cus
&lel 09050 5l (radiant heat) 5l obs3lmla s jd 0
o5 905 e3la_wl non-parametric (Kruskal-Walis test)
il )b g P< /o0 gou i )3 § MeantSEM & g0 4y

Cwl D,\i.))f

L sy

5 Sl oS 4 cUlgs gl CCT lgy95 553 Jas
von Frey cla )l 5 i wl b wgi iy 4 &) Sbojs e (SOl
i 45) SUp> (S5l 5 (Gl SIS0 o8 4 5 g (48 (0 Sl
33)S wyp (b o Jlee! Pin prick 4 radiant heat lewgs

ol gyl
Gl 20> ()l slindgll (s sl i asgazme
8l Gl e g S e il (a3l 5l (3L SIS o5 o
O S Gre BB Cuwl oad ooly L ) Hlages j0 4S5 ygkailen
N (P <o)X (P <+/-0) sLnjsy > sl 3 CCI 05,8 5
Jeos g YA (P<e/eo1) g ¥Y (P<e/-o)) OF (P </-))
095 b cpdyge + MK-801 04,3 oy (o)l dme W] 315 3954
<o[-D) AF (P <o/+0) ¥ (P <+/e)) iy b 5 ol
ol Aaliio )03 3529 (il i & Cuid o jlun XY (P
LMEK-801 5 (18,90 05,5 )3 oyl (a8l I (86 SIS 25 &
ol aime M) g A5l o a8 el b gl 1 S ol

Sy
Swle syl

Sbapyd (SUle S o8 an Cod Sllges cowlus

o3l ey S o Jleslvon Frey S5 gla)b lawg a5
L amglio 3 CCT g, 5 SilSe Sy o0 4y sl il
N (P <ofe) slwjy 33 1) obsime (il aals o, S
Jes i n YA (P <e/eeN) g VY (P <e/eaN) OF (P <:/e4)
@ gewly duulie D5 e odblin ¥ jlages j3 &S (g yshailan by LS
Otrse 05,5 o MK-801 ¢ )90 0 iiS cdly s (SilSo ISy 55
AN Canl o 031> ()Lis B o o &5 ()l LMK-801 +

.MJUAJ. uL») ‘) d)].)u.bw

¥y

3l Syl -
ol 3 il sl 4 plge Gl (0,5 jas e cae
oo 48 S5 g9y |y o ey ol 0 )3 eolat | c s
S ol i b 42 &S gl S5y S dlng g 0315 1,3
o b S e gl ophl S et )18 Blag il Sk Ay

3B Y 4 Lol & )b ya o, 0 Liolejl cpla b e 0d SL (e
1y 395 (sb Olgs> oyl (b 02 Bl L &S (5503 1285 0 s
w85 e )3 ke Gl ©ygo (nl 308 53 9 Cute Gl 35 0 il
S5 s o St Gy 2 Byl 1l doyd e S 0

35 o dnolime S5l

Swilse slisdgll -¥

So BB 53 5 o 883 S 69y 2 Ol S 0l
yasile Yo ola)] g ptowtlaw YeXVe syl 4y oM Sy dlad>e
O S el Lo 4y lgs (3)5 @il jlan 085 (o018
Y o3ge p3 VN Frey calisee lal 5l SlSe (cLuisdyll
o3zl Stolting 8 i il p )3 (Y-F-5-A-)0-V5—5-) 5+
S 3 9 4 (o E9y=b (13 eSS B L ptalesl] o
2238 oo 03lai ol VL 5o Lo sl 5l iyt ey Sl e
o5 450 4ol &y gt Ly e 5 S50 bl sl
LY Sl ool )Luid e co b S 4 aib ) a s d
55 o 038 (s A lod 03,5 1)l i
otale] K0 g b Cogmo gy il ot g s
Nyl 5l Sz dm g 48 ()0 3 3,5 (oo g 4ol
Gl Sl lgie 4 8+ dae ol o gl 155+ 0)leis )b ales
DIY] s oo a3 )5 (a3 o

&l sblmle ¥

5 Wl b S Sle 5w Radiant heat oSiws 1 esliwl b
ooy I S s le SICCT Jao 53 lows 0333 ool
(LAtenCy) b 1S e oo 5 <85 5o 18 iy b gt
a3 Ve B0 fold Ly g adye dw (alo)S OIS 00 003)5 (o0 €8
V] cowl orel 33 Gl dunlome g, X505 g0 S5

L 5> o Gl Sloj sl = G b 3 gl B30 (1l

Caly (S 53 ol 3L (ke —

S g3 le —F
s ke |y o (Sl L jilnls i cgs
@ Jlgze b0 g odls )3 e 4 G (g9 g (Sl slidyl
955 02999 D)lo b ol g sl S a4l ) e 4y 5 45t 10 alols
Iy 53 b o> &S Sygeo 13 05,5 0 5,50 Pin Prick Lwg
Gl Olgis @ ©yg0 (nl 18 ) 9 Cute sl plgie 438 o il



oher 5 (b

>

100 -

o Withdrawal frequency (%)

Withdrawal frequency (%)

80

60 1

40 4

20

Acetone —o— Sham
—e—CClrats

ok

0 3 7 14 21 28
—<— Saline
—=&— MK-801
- * —a— Morphine
* ---#--- MK-801+morphine

Acetone

0 3 7 14 21 28
Time (day)

Slidgll) oyl (3l 3l 36 o0 4y cilises (lamg ) Guly aunlio =) ylag0d
MK- (pd 590 ol Sl 31 B amage i |y anli 9 CCT 09,5 93 dulio :A 5y
S35 0l Mo anie L5 5yl cslivogll 3 521y MK-801 + 0 5 801

60
50
40
30
20
10

Withdrawal threshold (g)

60 -

Withdrawal threshold (g)

A8ls b s MK-801 + (3890 (slodg,S oy 1o (ine 33
R P ooy BP0y FP<./0

50 4
40
30 1
20 1

von Frey —o— Sham
. - w«  —e—CClrats
0 3 7 14 21 28
Time (day)
von Frey —o—Saline

—a— MK-801
—a— Morphine
---4--- MK-801+morphine

Time (day)

Syl von Frey oles 1 b (S 5 & cilises (slgngS gouly dumlio =Y 3903
bz sl I B anie ot |y sl g CCT og5 55 auglin A (Sl

andse ol Sl clinsgll (g5 1y MK-801 + (38550 s MK-801
*EE P <o)Ly

¥f

Sl Sl e

oK wd o wgy &S 0,8 yeole da il 51 5L Sy il o0
Sl b 433,5 Co g0 i o0 Jlos! plantar test (Radiant heat)
04 328 Sb (e o (oalog J1B) b ()itS e (e
ol odly LS Y Hlaged o aS aisSilen Ly jLis 095 5 5l
05,5 45 Cul 3 Sl Sbsys 5yl Sy 06 5| Jols @yl
AW (P <+/+V) slajsy b ol ieg,S 4 cuuws CCI
Goly ptalesl o0 (slamg Sl )3 s o Lt 3 )3 (gl e
)P ine SN Cns glajg) (b > Sy ()l Gl 5
Sy e s |,

Sl g3l
doyd el oad 0l LS ¥ jbead jd 4 S )5 lailen
yus Jald 09, 5 y3 pin prick L, S S o0 4 el
Gl ol a8l jiles] (clamg S )s Lol el asils
2ol 09,5 4 Cuus CCl oy, 5 Sl SLsnyd S o 4y
¥ (P <eleaN) ¥ (P<efoh) by, oy syl —ne iol3dl
e o YA (P <e/eeh) g VY (P <e/eaV) OF (P <:/-4Y)
+ MK-801 0955 e d)bu—:"“ RN SN pgo olis u‘>l)~>
S Joso jlam VY (P <2720) 59, (Lo )3 Gl 09,5 b (b5
3 SilSe (b3l dunlio Ll .5yl 3¢9 pin prick cows 4
DLty s o sine S alefl Jybo > tled] slo Syl

NYSYPN

G S 4G g Sy

Soilgye 20 Jdo 30 a8 o il Budizs oyl 5l ol gl

Sy jt (SHe g (loy) 3yl sl e a4 sl CCI
o) Sy (Sl g (Lo sS) ()l slaS e 5 (Linogll i)
Pl dosil an 5oy do Lilhnle o Lipsgll clo onyy Jao ol 5o
94wy (2 395 T3l 4 (Pl Jos s w23,lez 9y 53 9 03903 o
Sy MK-BO0T 5 (b )50 525 b (o 208 @y o1 5l oy
5 Sy Sl sladdl ) = 6l 2l 4 Sl i
090 Pl o2 Lol bl (Sl g ()l sbjlnle Ginen
SlSo clapsgll a3 ol ialS 1 sl sliyssl MK-801
Ll sl [l (g patsee ljee 42 ) (Solo g ()l sbiPlmle 5
@ 9 03903 o (Sl cliadgll CCLjlam o g 5l &8 200l
Plol 13 88 39550 0223 55 )l 9 (Slo s le o> atim >
Sl 5l asm ole ¥ 2gdn U g duy (o0 395 ol 4y by oy oyl pod atan
sbodgll 12a¥ Jls s Bennett ¢ Tal [V-] 1S o iy 4olsl CCI



WAD Sl ) oylos Ve sl

S5 leslb g (59lgn 5

A Pin Prick
—o— Sham
00 —e—CClrats
X
> 80
c
3
> 60
£
T 40
2
[
° 20
£
H 0+ T T T T T
0 3 7 14 21 28
Time (day)
B Pin Prick —o— Saline
n Fric — = MK-801
—a— Morphine

g 100 - -- -4 - - MK-801+morphine
& 80
c
o
= 60
£
S 40
g
-]
£ 204
H

0

0 3 7 14 21 28
Time (day)

b3 mle) Pin prick ;1 oab o0 & Gl (sleng,S gunl uslia — F jlaged
sbge ol g B mie s |y a5 CCT 055 45 dnlis :A L SlSn
oMo e s Sl cbjilmle co) p 1y MK-801 + (13,60 g MK-801

ile el s MK-80T + (38590 (clamg,S s S sine M) KLt o
FEE P[0y FEPL o) FP<.[.0

133 53 (390 U LS (e (S il L L L
salive (e Shmoml sl 085 olus JialS 1 (U |y Sy e
23 Ko o] e (ygl (slag (A 0335 domti 53 S Ay s
SO Gl (oo L (dmaml (sl 01515 slaws ials” cadds ) [Y)]
3L s gl 035, CansST 5 (i yse (LS S0 50 o ole
shdls 15 Gl s 1 i b 5 a8 ol flis )5 dalllas [YY]
Wlgige o sl Jsho 19 @y Sl sy ol Sligosi 5 e
o DIV] ol oo Sy 5 L (Sojilshyzo st o
& el 58ty sl b byge 3005 S ol ) S (5500
Cuwlus o Pin prick g von Frey (slgleds 5l b ol 0
NMDA 015,5 (slacussStl uioen 403 o (ialS |y oy 4
SNI JJuO 20 sla,lis, &9y AMPA oJJ):S 1) U_M;Lu] 9
(s @l Yer o Jw p» Decosterd & Woolf by Jas opl)
5l ao i yie Glabils a8 il oaly s lalllas [A] el J1 o
NMDA (slaosiyS 55 5l i Sz 53 £155 4 sl sLgang
Ondyge 3955 4 S o s b gl [V] el g0 CCT Juo j»
sbaddll sy 2 s 2o 4 Glopd Gty &9 MK-801
Bl (Sl 5 il b mle aien 5 )l SHlS
2 jzals ) oleyw slindgll MK-801 g (b )g0 plgs 955 Lol
Bl Slg o MK-801 35500 cawl s 03ly oyLuis )55 (5,155 ,»
OByl p a2y LT] 205 jsugl olie Shals g Liilnle g9y
Ay 5ol s NMDA (sl 01555 J3105 1 (im 04 55 (ols

Yo

A o
Radiant heat Sham

—e—CClrats

Withdrawal latency
difference of L-R (s)

0 3 7 14 21 28
Time (day)
B —0— Saline
Radiant heat —a&— MK-801
0.5 —a— Morphine

- - - -- MK-801+morphine

Withdrawal latency
difference of L-R (s)

Time (day)

5058 golos dnl 5l b 00 4 alisee (lopg)S Fwly dnlio — ¥ ldg—0d
ol Sl B snse Lt ] 18l 5 CCL g, g5 dulio A 5yl (cljlyel)
e i ) slindgll sy oy MK-80T + 158,90 g MK-801 < 18,5

** P <.fey

5 453)5 ()35 Jos jlam pylaz 55, I CCIJue o) (S5l
sl b gols cpl [YV] dwyro 1S lis 4 VD gy 40 45" Wdgad pMsl
L35 sl g Liaogll (slm oy 5oy o 1 hao gy o0l sLo
wegad ) cdlas wad)l jgy 3 19> Glise 9 P o) )l
log > el b Sloyd g 5 9 ST (slg o lgims Lol 51
S oy o [A9V9)] Wil (o ik (Sslite SLLS)IS SilS )
5 S35 e o8 ol Sl g0yl Kl (o ST3p> S o8 S5
38 a8 el opl Slo 5o addlles [YA] 0k (6,5 gl 50 sl
olyoto NMDA (¢looss 5 0l8) pué cansgSl ol MK-801
A Slgygr slody oy y3 P o0k ST i (b yga
MK- 5450 5l esliiwl b yil)Sen g Smith [VF] 5)bs a5 B
>y Jes l JBLP. &g /¥ mE/Kg 545 5l eslawl L, 801
131, SlSo s 1 ot sl il ealys CCT o sl
Jloys a5 (29,5 4 Capud CCL 1 g 59, ¥V 5 YA OF (Sloj ol
s Davar buwg edd &)l ol [YF] tas ials s 45 )l
Sbigyg 00 4 barpe slaylid) 3 (ialS Sl ol VA Jlw
Fuoly ials 51 lis Lo ola adly [¥] 5 )ls MK-801 1,400 Jlis 4
MEK-801 5 ()90 plgs 2575 o 50 sl csliogll oy 50
Pl e ol 3 oS s Jos Slan VI oV sy, (b
599 Ll g0 41 dme (glel Bl ST iy (6 puaiie 13U 00
@l B oo 915 29285 (o 9 52975 0970 odliiowsl )90 (591>



ohSer 5 (b

v 3D )8y slesroly (g9 2 (mdyee s MK-801 (jloyd iy ol il

[5] Decosterd I, Woolf CJ, Spared nerve injury: an animal
model of persistent peripheral neuropathic pain. Pain
87 (2000) 149-158.

DeLeo JA, Coombs DW, Willenbring S, Colburn RW,
Fromm C, Wagner R, Twitchell BB, Characterization

[6]

of a neuropathic pain model: sciatic cryoneurolysis in
the rat. Pain 56 (1994) 9-16.

Dickenson AH, Matthews EA, Suzuki R, Central
nervous system mechanisms of pain in peripheral
neuropathy. Neuropathic pain: pathophysiology and
treatment, progress in pain research and management.
TIASP Press, Seatle, 2001.

HK, Munro, GB,
characterisation of the spared nerve injury model of
neuropathic pain. Pain 98 (2002) 151-161.

Galer BS, Neuropathic pain of peripheral origin:

Erichsen

(8]

Pharmacological

[9]
advances in pharmacologic treatment. Neurology 45
(1995) S17-S25.

[10] Kim KJ, Yoon YW, Chung JM. Comparison of three
rodent neuropathic pain models, Exp. Brain Res 113
(1997) 200 — 206.

[11] Kim S.H, Chung JM, An experimental model for
peripheral neuropathy produced by segmental spinal
nerve ligation in the rat. Pain 50 (1992) 355-363.

[12] Kingery WS, Guo TZ, Davies MF, Limbird L, Maze
M, The alpha (2A) adrenoceptor and the sympathetic
postganglionic neuron contribute to the development
of neuropathic heat hyperalgesia in mice. Pain 85
(2000) 345-358.

[13] Lee YW, Park KA, Lee WT, Effects of MK-801 and
morphine on spinal CFOS expression during the
development of neuropathic pain. Yonsei Med J 43
(2002) 370-376.

[14] Mao J, NMDA Opioid receptors: their interactions in
antinociception, tolerance and neuroplasticity. Brain
Res Rev 30 (1999) 289-304.

[15] Mao J, Price D D, Mayer D J, Lu J, Hayes RL,
Intrathecal MK-801 and local nerve anesthesia
synergistically reduce nociceptive behaviours in rats
with experimental peripheral mononeuropathy. Brain
Res 576 (1992) 254-262.

[16] Martinez V, Christensen D, Kayser V, The glycine/

\2

V%] 205 05— 3 (b yge s MK-80T plss 905 yiay (i
s MK-801 plgs 55955 45 sl oas odly yis 35 idg s oyl 5o
4 S Sibgygr 30 (B 9y 2 Sloyd Ui Cygar —dy9e
52 JoSla 5 Jobo s ol 51 ol ol 1 S 3 o
3 b ol 5 45 Ligagl 5 Ll ale i 3 slasaly ) 51
b Jub by aims oo 25 (CCL o5 o alitio) Jaeo s sl
ol &l Loy Jols 395 galBy o5y g NMDA (glmoss S
lod 355 5| b b5l 48 sl s )05 adllas [VV]
9 0990 IT 52925 93,5 (o0 (loyd 5sby9e 9 MK-80T el
L5, L6 Jso 13,5 (owed syl s 13 ()90 yokas MK-801
[V-] canl e

CCT Jao o a8 amd o s dllde ol s oa s &)l SleMb
o) SUsys - a8 e bl 3 343 (58, Gy g
ity o5 (55T e cy) Jpons 53,3 518 5 (sl
B 5y Laas 5 Wl s NMDA (gl gy cullad a5 Sy o0 ylas
Sl o (3890 9 MK-BOT plg5 5595 45 pshay 4y il
uas (§)lis anls cov Ol 53 )18, Gl 9) » Sy
2l i CCT Juo Siilygygi 2)0 (il 55 9 0351 fge Sl

‘_é'b)b‘s 9 ’M&“

S pole oSl Clasl pyle Cliiod 8 j0 p e cunly) |l

Si5lg 30 09,5 S 5 gy cnl 42392 (el bl e e

b3 pole olStily (59055 Loylb g (559l 308 09,5 3 g oSkl ]
20,50 15,38 ¢ S5 by ()b lo 4 o plodl 3 a8 LsIS

&be

Arner S, Meyerson BA, Lack of analgesic effect of
opioids on neuropathic and idiopathic forms of pain.
Pain. 33 (1988) 11-23.

Bennett GJ, Xie YK, A peripheral mononeuropathy in
rat that produces disorders of pain sensation like those
seen in man. Pain 33 (1988) 87-107.

V, Haley JE, Dickehson AH,

Electrophysiologic analysis of preemptive effects of

Chapman

spinal opioids on N-methyl-D- aspartate receptor —
mediated events. Anesthesiology 81 (1994) 1429-35.
Davar G, Hama A, Deykin A, Vos B, Maciewicz
R, MK-801 blocks the development of thermal
hyperalgesia in a rat model of experimental painful
neuropathy. Brain Res 553 (1991) 327-330.



WAD Sl ) oylos Ve s

S5 leslb g (59lgn 5

[24] Smith GD, Harrison SM, Birch PJ, Pre-administration
of clonidine or MK-801delays but not prevent the
development of mechanical hyperalgesia in a model
of mononeuropathy in the rat. Neurosci Lett 192
(1995) 33-36.

[25] Smith GD, Wiseman J, Harrison SM, Elliott PJ, Birch
PJ, Pre treatment with MK-801, a non-competitive
NMDA of

mechanical hyperalgesia in a rat model of chronic

antagonist, prevents development
neuropathy, but notin amodel of chronic inflammation.
Neurosci Lett 165 (1993) 79-83.

[26] Stucky CL, Gold MS, Zhang X, Mechanisms of pain.
Proc Natl Acad Sci 98 (2001) 11845-11846.

[27] Tal M, Bennett GJ, Extra —territorial pain in rat with a
peripheral mononeuropathy: mechano —hyperalgesia
and mechano — allodynia in the territory of an uninjerd
nerve. Pain 57 (1994) 375 — 382.

[28] Wall PD, Melzack R. Textbook of pain. 4" edition.
London, Churchill Livingstong, 1999, P. 365-366.

[29] Whiteside GT, Munglani R, Cell death in the
superficial dorsal horn in a model of neuropathic pain.
J Neuroci Res 64 (2001) 168-73.

[30] Zahn PK, Umali E, Brennan TJ, Intrathecal non-
NMDA excitatory amino acid receptor antagonists
inhibit pain behaviours in a rat model of postoperative
pain. Pain 74 (1998) 213-223.

www.phypha.ir/ppj cCusl owyiwd B aloes colw g 30, 5l dllde () JolS™ o

Yy

NMDA receptor antagonist (+)-HA966 enhances the
peripheral effect of morphine in neuropathic rats.
Pain 99 (2002) 537-545.

[17] Mayer DJ, Mao J, Holt J, price DD, Cellular
mechanisms of neuropathic pain morphine tolerance,
and their interactions. Proc Natl Acad Sci USA 96
(1999) 7731-7736.

[18] Moore KA, Kohno T, Partial peripheral nerve injury
promotes a selective loss of GABAergic inhibition
in the superficial dorsal horn of spinal cord. J
Neuroscience 22 (2002) 6724-6731.

[19] Munglani R, Hunt SP, Molecular biology of pain. Br
J of Anaesthesia, 75 (1995) 186-192.

[20] Nichols ML, LopezY, Ossipov MH, Bian D, Porreca F,
Enhancement of the antiallodynic and antinociceptive
efficacy of spinal morphine by antisera to dynorphin
A (1-13) or MK-801 in a nerve-ligation model of
peripheral neuropathy. Pain 69 (1997) 317-322.

[21] Ossipov MH, Lopez Y, Nichols ML, Bian D, Porreca,
F, The loss of antinociceptive efficacy of spinal
morphine in rats with nerve ligation injury is prevented
by reducing spinal afferent drive. Neurosci Lett 199
(1995) 87-90.

[22] Przewlocki R, Przewlocka B, Opioids in chronic pain.
Eur J Pharmacol 429 (2001) 79-91.

[23] Seltzer Z, Dubner R, Shir Y, A novel behavioural
model of neuropathic pain disorders produced in rats
by partial sciatic nerve injury. Pain 43 (1990) 205-
218.



	411.pdf
	Pages from V10n1-41.pdf

